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Qumtm 1 


ISffROWICflW 

Til© ©fei«f iiit©i© 0 t® in ©tntutmftel Aynaaioa pfoblem® are 
tH© involfaSy 'th© iMuepons© ©f tli© i^stan 

to til© ©asoitetioii. Tli© miationsliip 'l>9tw©©n tli© mnm anS 
©tf©©t m ©mitatiooi end £®e|ioiQB 0 d©p©ad© m tlm ©lastl© imd 
i@©irtiial ©%«x«irt«risti@© of tb® pb::^©io«l Jjivolirod. fb© 

ebo©© tba?©© p©xmi©t«r8 load to Mont if loot loo of tbfoe gonorol 
oI©©@ of pnoblott© in toxm© of tb© ©xoitotion^ It tb© i^ati^tSt 
«iS tb© ntopimofit ^ 

(«) ' §it«n tb© tlsB© biatox^ of ^b® ©Keitatiimt !§ ©nd tbe 

otxnetixriLi ©fst^Bf <S» a© doooribed by it© ©tmtlo ®nd l^wio 
Gb03r©.ot«iriatieftt vb«t 1© tb@ tia© biftosy of it© zo^onsot R ? .. 

(b) §iti^ %M ©tsootmil ey©tffia» S* and zoayon©©* tf wb©t ^ 
i© tb© oxoitotioni 1 t 

(o) divtn tb© ©xoitmtioiit 1| m& tb© zosponse* ©bat az© 
tb© 4©ai#i eban©t«zi©tie© vbieb d«fixi« tb© ©tmotazai ©yst©©! ^ 

flw ©omzo© of ©xeitation ai^ b© da© to a laxf© olao© of 
dyxi«ii& distmib<©i®«B that diff«z both in fon ^aaad ozigixi* Hoawvozt 
in tlM pxoeaat ©tadyt t%Mi notion of tlw ba«« of tb© ©tnetwil, 
©yat^a bat© b©^ ^nsidos©# a© tba-'inav©© ©f ©aiMitation* liilt«wi©©« 
tlm zaapona© paxi«©t«zs o©ii ,^,b© di^^iaiwmntt' ©©io©i%t''^®oo©i«m-' 
tioMf ©z any otli«z taantity of Intaziit; lb tba'pzateiit voxb 

only dii^IiuiiHmti ©ad ao^iezatiimo az© tadctn a© mspmm 
ti«« of lnt©z»©t« 


TM prolilene mu gwmpe€ afeoir® b® itwa-fei* 

fi®i p® C«) aneXyBis, (b) iawr®# imaly»i®, mS («> ^m±m ®8p«et« 
of til® atiraotmiml d^masio® p3p®til®i8* A voliiso of 

bs® filir«®4y b««ia don® in til® fl«ld of onalyai® nod fleoign, lowotoi*# 
®®iy litti® effort ®®®«® to toot®, gone into tl® into*^ analyBia 
a«f@«rt* file pr«a»at atud^ addzaseea ittelf to tb# pfobl(tt® of 
laf en» anolyal® whlob deal® witb tlie f redtoticm of tia® biatory 
©f tbe aroltatlon froo th® teowladg® of pfeyaiool pro|Htrtl«® of tbe 
atruoture* and tb® kaowi tlse biatory of a ueifpoiio® par®*»t®r, fbia 
of oooafo®, oalis for prteisio® in tb®' typ® of aeaenrliii InotrattBiita 
naa®Iy« tb® diaplaoeaent «®t®ra «md ®oo®X®rcw®t®m naed to zoc^rd 
reapone® of strutetnxa® relative to gromd* 

iny rational owpmtar anelyeia of atmotirrta ragnirta oosv 
tain ideallaattona* On® snob id®®liBation la to «od«l an lafinit® 
degx«®«>of*fr«ed«»Ki oontinoow atniottxr®® to « flnit® 4N3if3!«Ne,ii.of«* 
freedOBi diaoxetiaed equivalent ayataa* fb® dynamle analyaia of 
m.. iwd®gx«e8^f;.fro«don ayataa osai be parfomed 1^ 

(a) Modal atigMirpoaitiOfi taobaiqnay and 

■ ■ ' ' r ■' ■' """ ' 

(b) Slstnltaneoma Isttoixmtloii of n^oottled iiffbrantiai ®qa»» 
tlms of aioti<m« 

. lb tb® pmmnt vo^t^ nodal at^rpoaition natlmd. baa bam 
aaed to tmafoxn a xwd®p^a-^f»lbaadoBi i^atan to m ainglo 

tatirrmiirirttiiifni tfran .»««»■ >^11 iiitliliiiiiiiii iiin 'dwr iritrtii iiiMfiii ,*aBL; *gLte 'Hiiiiiiiiilriiirtiillii rnihiri - nm y^akuMMi oife frtti 

daiii®«a«^f.fxaodon ^ayatoa aa a liaai^ oMilaatioa of tli® mwpm^ 
a«a of n aiiiil® iag«o®*of»fbOOdois ' 



file mtliods of dpswio enolirslfi of a atogXft d«fx«««>of» ' 
f£0#S<M OSH %0 fvoiipod a«i ' . ' 

(i) MatlioSe muplofixig nmtmTloml difftxoxitiatioii m<& ixita- 

gimticm* ' ' 

(ii) S»i»fo3ai teelmtqmm* 

(lii) Me3.og Oosfuter mtliods* 

(I’v) latfeod loading to ©losad foui aolution if tdoftliset 
foreing jteotioaa axa aaed* 

Xa the eboioe of taolaiiqaas to aol'^o tbe inoarae 

ji^aljfoia pxolileii la dictated hf the scaaorad sraapmiaa parmatant 
tht axeltatlon parmaten of intozaat^ and tHa foxnplatioa of tte 
fXOM.«9i» 

Motlioda of tlio first tattgoxj arsi oftoon not waifal to 
soita tlia inrarsa analsrais problan diis to tlia fact tliat nisBaricaX 
diffox^tlaticm would ba a 'noisa'* Magoifioatioa pmcaaa and ai^ 
Icind of arror e«g* iiaesiirraaiit« digit isatio<i,trtaicatim» or round 
off can ba diaastroiis* it. tba seat tlaa» ain^rioal intagmtion 
ie a tint mmmmiMg proeasa and fiiotili not ba ra sorted In tba 
ab^sanaa of matbanatical kaowladga af tba forcing facet ion. 

' fnaatafom tecteiqnoa mm again are sot of wortbwbilo 
m»f aclaoa tba aloaad for* af tba raapmsa gtwi-o 

titlaa are afaiisbla» ^ 

9sa af 'icalog doi^iitar ia o'flim ccaraliabla aa tba artara 
arc ad^tacbatad In coaraa of 

iatlioi' laadicg to aloaad fdai aol^tiea baa bam prafarrad 
baaawaa tba iioaliaad iromd aeoalaratioo tloa bistort xaciar tba 



Mfizialale to aethoraeti©®! ®a®lyei» isai at tli® sm® t imo 
ktaps tlia pxadietio® ©lose to tii@ aotmal ©ii®« 

MiMMeal .laototomidi 

B?er eiaee tfe® iiitxoducticii ©f » 9 iaaQ »tw»® not ion 
me'lmoffn^h to 1935 ©any toirestlgatoife hmm tried to freStot t!i# 
recpoiiae of oertato B®tli«»tic®lly Moaliaea |>Uy»to«l atniottir©© 
eabjeotod to ■ tke aotioii of tb@ tie®© of tli© atimotiir® a» rteoriod 
toy .the seimograpii* Biot * fomalated tli# proBleo of slieartog 
oaoillatioii of huUdtogs end gave the ©toeed foia e3cpre08ioi!i for 
the time Metory of the dleplaeeaeat resipoase* S<we toreetigatore 
deaieed meoheoioal aaalyeers for the zeii^miee leiiayelB of etrae- 
tare® euhjeeted to the gxoasid aotloa* ?eh© edreat of eleetroal® 
digital ©QiBpiiter aad Ite ®«^ahlliti to heudle large tolinBe ®f 
data led to the wide^read a©® of digital e«pi«ter to eelttof . 
stmotunl dyaamioe pxohleae* Iiex«hherger^ dleoaseed the effeote 
of the ehifts to aooelercmietere aad ehoeed how eeiNife It imei tlwre- 
by «B^haeistog the aee of Carder diaflaeeaimt iietere. Sohiff aad 
Bogdaooff^ hae also dleeaeeed the effhot of aoeelexogram rafarles* 
the ©enter line adiastoestp ehart pa^r dietortlM. Sohenlcer'^ oame 
oat with a method for detexatoatlon of tto mwpmm of till strae* 
tares like tier hfildtogs Mid ohtoneys sahieeted to lateral foroem 
or displaeafflMits* fhe shore approaohes relied mi thi aeoarate 
nameriooi eralmaticei of integrals, Hesaittlyf- Bigai aad ^aaatogs^ 
osme oal with' a poverfal method wlifoli. avoids the wm of ntmsriesl 
intogrations* St has hoon Miown thsre that the irahtoe iS' faster 

, 4,y;_ 

e the siq^ersorlp'^ nistoore refer ^te'jto list of referenoes* 


thiMES that mtillalag iat«®rieal tetagjsatione. flii® ■®tlio4, rapartad 
for aiiigl® a®grtt®-.of-fre®doii systaffl^ i® 'feaaad m %xmt afflalytical 
aolmtloii of tlia goteaitog tiffarantial aquatiw of aotioa for tJm 
aoooaaaiv® lioaar segpaiita of tli'e MoaXiaod gromt aooolamtioii 
tia® histoigr.' Jiowo'aer, till® &m 1», oasSly e**®iidea for 

aoltl d«gre®-.of-.fr#«dcw •ystta® using th® prinoipl® of mxp%T^ 
posit im of sod®®* lately , Bli»®^ liaa giren a Speotjral Boopon®® 
l®OM*ili®tl« CSEE) proeeiia® to otitaln Saaplng or otti«r data 
under aetual xei^ona® to ground aoti^a. i »urf*y of ttee® 
derelopMts lead® to the reeliaatiou of the faet that no aetliod 
ia 'f xeaently available for prediotion of aetual eroitation f^i? 0 M 
til® know 'reapwae of atruetuxes* ' 

IM* sm& jui ilitollag* 

^valopaoxit of algoritte® to pxediot idealiaad gmm4 
ereitation tine Matoisy frcM tlie zeapa®'®® lii®toxy of a given 
struetux® i® tli® min of tHe present work* Snob el^oritte® axe 
parti«^ax3y uaefbl to analytieelly pxediot tbe ground sbooic in 
azea® wlmxe tnatnowntal »eana to obtain tbi® Infioznation do not ^ 
exist. 

fbe dtvelopsd algoritbn® bav® been tridd mi slnple sbear 
bmildliig®. ilovaver» tbexe aewe to b« no Iteitation for tbeme 
boing a$»pli«i to any disozetiaed eon^lex atnuotuze* 

Xn tbe abownoo^ef any ze^pons® xeeoxd available for a 
know •t'Xuetaxei tbe eifl^le^etxuetuxe® ebosen wexe analyaed for 
■k&&m gxowd iboeka of both, blov and strong notiw type and tbw 
tbew uexe tidcwi a® "‘Input® "to tbe" ‘dewlopei algo]d.tl»e® to 'xepro« 
duee tbaae. ground abooka^ 
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MmmmicMt Mmoaisis 







m i« totel Itaaptd mass, 

@ is tlt« dmpiiig ooeftiQlexitt 

jCgCt). Is displacessat of fease mlstlm t® tlis axis ©f 
mtwmnmf 

mA 3eCt) i® dlsplaesmnt of nos® m r®latiw to tk® base of 
tbe stmotui^. 

fbe aomber of tots xefek to tb© ozder of tejplTati'oes with 
xespeot to ti»e» 

fbeif©fox©| tb© total displaeamnt | ac^Ct), of tbe bsss 
mlmttv® to tb© sadLs of xafexeno© is 

3;^{t) • X^Ct) 3E(t) U.2) 

iaarraiigeaiait of e%mtio» (2.1) gives 

3c^(t) * ^ [kCt) * apwxCt) ♦ oi^xCt)] (2.5) 

wbexels 

p « fraottoia of oxitioal imping • ®/®cr 
©kitloal dwpiiig eoeffieieat » 

^ » aatiiikal txmqjsim^ of vibisetioBS of tbe ay ©tea * fk/m) 

C2.5) lepxaseiits tbe wHm&m gkooad exoitatioit 
wbioii is a fbnotioa of tl»© to be detezaiaed fstm tlie Imoan tuaea>» 
titi*»| i*e* E(t) oiP*l(t)» p m&b:> * It is to be soted that x(t)| 
xCt) and xCt) mm isatiieaatioally xelated, 

(b) Islti d«ix©e^f*£a©etoa sjsteat 

fli© aatxix xofiwsestatioa of tbe govesaiiig diffeaeatisl 
e<imtio»» of aotioQ for a a degrees-of-feeeda® systea is given by 


[&g [C] {X(t)^ * [K], -x*Ct) [!,{| ^1} (2,4) 

[aj is. a nxa oase siatrix* :, 

[C] ia a fflwi rastarix of aa»pi®g eo®ffio4«l!S., 

[l] is a nm st if files© sat^iac* 

\XCt)S is ami m%mm Teetor with ©oaponeats to 

displaoeiaeait of Iwped nastes 2 ?»l«tlir® to tli* toa*#. 
x^Ct) is di»plao®iaeat of tfe® tas® of tlio otaiotwfo 
xolatiYe to the aidle of i»tf@imoe* 

{M\ i® a Bx1 Goiiam 'voetor with all it® eoeipoximta 
to ooitj* 

M gem«Ml« tlie aas® and ©niffiseas properfeioa are dietri- 
bated tbroafboat the atnoture aod it ia there fort logioal to 
uae ooBoiatent Baa® atiffheas approaeb in fomnlatlng tba 
aiaae and atiffisieaa »atrio®0% Howeter* as per tbe aas-mptlfioia 
oited in tbe beginning of this obaptert tbe mass matrix tnma 
ont to be a nxn diagonal matrix:* 

flui m&tTix representation* eqmtion (2«4)* eonsists of iw 
oov^ltd seoond order differential etnatlons. these oan be an* 
oonpled® tbrongb tbe aiodal matrix transformation vbiob erprtssem 
tbe degrees of freedoa in terms of tbe noasl eoordinste®* tbe 
modil matrix is tbe matrix of tbe nataxsl modes of tbe vtmetares 
wbicb sjEt obtained froa tbe stad^r of tlw mndemped free vibration 
of tbe mtvmtwm. tbe e^aatimis of motion for tbe free xibrmtion 
of tbe atmotnre are obtained from equation (2*4) bjr setting tbe 
matrix of damping ooeffioients as a nail matrix and right band 
side as a anil teotor, i*e* ■ 



0*] + W “ {oj (2.5) 

Bf definition, ond«p®(i free -ffibratioH ie lismoisle, therefor® 
^X(t)j ■ {®5 sin cot (2.6) 

where 

cn is of eihretion in ® netnfal mod®, 

is aesocieted nmtmral mode 8h®|}e* 

Suhetitntion of equation (2.6) in equation (2,5) le»i« 
to an eigenvalue " problem , 

co^ 0€ W {®} (2.7) 

the solution to which leads to s natuwl ftet«®heie®, co^^wi 
essooimted mode shapes, ^ e^l^l . 

She nsturel mode shapes axe orthogoael with xetpeet to 
each of the mass end stif&iese matrices i.e. 


[mJ *» 0 

'IB ^ ^ 

and M {*3^ ” 0 

let the n&tis^rsl mode shapes, {e^^ , 


i 3 <2*S) 

lie noitttlised emoh that 

<2.S) 


and the displacement weetor he expressed in terms of nxl weetor 
of normal coordinates, { qCt} j • h^r 


{X(t)} * [q] ^q(t)^ 


(2.^10) 





Frnrn^tminntlon hj gives 

M H W{ 4 ct)i + \e^f 

* - Xg(t) 

'Using ©tw*^tioi3B (2*8) aa4 (2*9) we get 

tj^ct) ♦ ^§1^1 %(t) -I-Ciil ^^(t) • - 

- i: ■" “1 


[r][Q]{q(tJf 


SITt 


X^Ct) 


( 2 . 11 ) 


.th 


wbtwi pj: « fraction of critical deaping in ttoe i'“* aode, 

«ai ®t|^ • ' pi] -{Oj 1 b a scalar quacititj called 1^” liodsl 

fiirticipaticm factor. (2*12} 

%natics (2*11) xesMtles eteatiOB (2.3) in fora and pro- 

dictlim of x.(t) neing @tt®tlon (2.11) requires treataent Identi*. 

8 

cel to tbet for prediction of x (t) using equation (2.3). Kqua* 
tion (2.11) requires inforsation aiiout q^Ct) or*q|^(t)* Informix 
tion about ox *4j^(t) fr« ]l(t)} or^S(t)^ can be easily 

obtained by aatrix operations on equation (2.10) which leads to 

I 

t^ct) » [1] r£ct)f (2.14) 

$be presence of a|^« the i»tli nodal participation factor^ In the 
denoiiaator on the right band side of equation (2.11) leads us 
to conclude that the errors in the prodietion of Xg(l) using 
equatlim (2*11) would he miniiBuu if we plclt up the laigest valu« 
of i *> 1» 2» ***» B. £0 other words«- if o^ is tlui boxIbub ' 

of aU oj^* i * 1, 2, .*.# n then it would be desirable to use 
equation (2*11) mTmepm^ing to |«th normal coordinate to pre*» 
diet tiMi ground aoceleimtion.^' 



Shills in cas® of a aislIiiS «yirl®o the 

pr®4lotion of ^At) wg^re® Bolutlon of only on® «lai- 

lar to equation (2*3)* 

She «©t of equatlone gt'veis below ear® sufficient foar* 
diction of ^ esse of e suit! degaree-of-freedoM systoas 

acg(t) • t^(t) 4*0^1 q (t)] (2*15) 

wber® q^Ct) * [M| {Xft)] 

*€j(t) • [Hi {lCt)j 

*3 • [®3l* M W 

iSuffijc 3 coant® BfuMaie to tbe fredonlasaat aod®! tertleifstioa 

fftctoar, ■■ 

a.2 ^Isa, M toitMion,, .Faatgneteir t 

my of the tbaeee matbeaeticcdly related iaid!®iiiet®acwgS!om& 
disflaoewenti giroimd velocity and gaconnd aoceleaemtion can be 
coaeldexed to be the eatcltation paniiettr* In the iixeeant wo3eIc« 
the ground dli^leoeoent and iaround aceeleiretion bate bem eonel* 
dexed to be the eneitatJUn parmsteans of dim to the famt 

that noet of the omastirliig inetarwnnta fear vibration etadlee fall 
in either the clmie of aeoeleaeonetere or dleplaoewmt saetewi'* fbi® 
eould thus facilitate the eatperimental verifleatifin of tb® areeialt®t 
if available* 

2*5 SMit M mmtm . . - 

jDef ending the physical pxopextiee of the neasnrlng 

instaroneata nomted on atntetnares* the response qtiMStities fall 
either in class of displacimmts or acceleaeatiems# fim quantities 


r©oord«d may "be eitfeer abselmt® ©r to groimdj tfe® natar® 

©f which 4@f«ad8 th® f iolcmp %Xmmt ©aplojod# la tb® p»®»®at 
wo3dr» it ha® beta a®®tn@d that qaeatitioa mtasaxad ®x® xwlfttiirt 
to tb® gromd aowtnoat i«ad ax® x®©oxt®S ®t tb® %m^X® ©f lueptd 

, , ■ ■ ■ 

2.4 s£. MsmMmi.- ^ 

$b® itlgoritlms az® i®T®l©p«S t© fxwdiot tb® tii®® bistort 
of ©xeitatioa froisi tb® loaowa roepoas® tim® hiatox^ of m siagi® 
i®gi«e«>of-fx®®4c®i 8jr®t®it« Bat^ as tbowii ia attiol.® 2. 2(b) , tb® 

®«it alioxitba ©OQ «ii®o b® Wid to pxodiot gvoaad oxoltatioa fox 
tb® malti d«gas®«<»of>»fm®doffi Bfstmmt 

2,4, t 23il-©B lagorithffi* 

fbi® aifoxitb® pxediot® tb® tim® bistoxy of gxoaad dls* 
l>lao«B«at C@B) frost tb@ laaoim time biitoxy of diaplmmmt x®8» 
ponm (BR). fbe govexaiag etaatic® for « sliifl® tegi®e-of-fro®do®a 
ia^p«4 a^Btm i® of tb® fon 

*«(t) * » pCt) ^ 2p<i>s:(t) ♦ x(t) (2*16) 

wb®*»l*t tbe diff«r®at p®r«®et«i?fi ore ia.r®®Ay dofiaod*. fb® iiit#» 
,gr®tl<m of e^aotioa (2.14) witb rospeot to. t betistoa 0 to t git«» 

/ xJt)dt • - [aE(t)-s:(©) * 2pajx(t) • 2p^<5x(o) co^ / xCt)dt] 

0 » 0 

(2. It) 

larttMir istogxwtioa asad rtgroapiag tbe' t«»» fi«M 

/ ( ^*(t)it) it • -*(t) t Ct*i‘2p^t)xC0) ♦ tb(0) 

0 © ® % ' ' % ' ' 

- 8pa>/ x(t)it - / (/x(t)it)it (2.18) 

' 0 0 0 



0B Haptic® C2«IS} s'feo’^i JL^ 

is aot fo«slM« to m©e tbis to aiiraBta^ fm 

01 x^Ct)# tftiatioB (2* 18) 0 ^ li# ®a®i!ly *a8#i. for 

p^ilotlMg Xg(t) m follows t 
t t , 

/ {/ Xg<t) at) *• *gCo) J at 

®r, 

t t 

I (/ Xg(t) at) at * 3i^(t) • x^(Q) - t x^io) C 2 . 1 S) 

films, ' ' - ■ 

3Cg(t) « \Co) * t [XgCo) * x(o)] * 3c(t) + ct-i-ais^) 3 e(o) • 

t ■ , t t 

- 2 ^ 0 ^ » o? f if xCt) at) at ( 2 « 2 o) 

0 0 0 

Bsnotiiig xCt) » a(t), squatioa CS»^0) 1>® sswritttia as 

x-(t) * X ( 0 ) + t [x Co) * 1(0)1 -xCt) ♦ (l4-2p<^t) xCo) » 

- 2pc*>ICt) -co^ «Ct) Ct,21) 

w^»8 »Ct) ana is(t) ar® obtatnea fswm tbe solmtlfm of tfe« 
aiffssaati&l «q[mati<Hi 

- let) • xCt) wttb aCO) • iCO) • 0 (2.22) 

Any stmaaiea sstboa fox aisBOxioef solmtiGoi of oxaioazy aiffo* 
rontial oq.mati 0 ii oao-bo miioa to pxoaiot tiso liistoxy of ixoina 
aieploecMoot, x-(t). It is pxosuRoa that x^Co) is Imooii, tbioli 

# m 

is Ofimsl to sexo for stniotmros starling tmm root, lor smoli 
strootmros, *g(0) *C0) • 0* 

flio Of matins (2.21) saa (2.22) oottstitmlo sot of basie 
oqmtioas for £K « tB aigoritte. . 


2 . 4 • 2 DIU.5 A Algoritto t 


ai® algoritlm pndiicts tb« timt bietoif of g3!oi»a aec®- 
leuatioo (OA) fjpoia tli® tooim tia© bistoxs? of 4i8|»leo«a«eit *»©-> 

poasta. 

# # 

for < t < fig* i2U 

X(t) -»■ 2fJCOxCt)4‘63^3ECt) •* 

f^bex© tb© sopoxsoript * 4«mot©s tM© ©nd© of © Xiaoax wegnoxit ia tli@ 
idoaliatd gxoimd ®oe«ler©tioa plotf 

i© tbe ©lop© of til© liaoer m&mm% lioidox eoaeidoratioa* 

fJm solmtloo of ©quaticm (2a23)y fox i ^ i f 

*•8 CO ) ' m ^ ' 

x(t) • © * iji^ eoO'i>^f-*p^t-*'||^) * ala cofct..p5Cl^t|)} 

- - - 0 (2.a4> 

Xf it la aaatnod thmt 

*l i *!• *i»1' *1*2’ *1*^ i *i*1* ■“"'rtitullloB. in .^na- 
tloni (£.24} vUl gin 

“ ®i - ^ C'g^V “ “ ‘il 

#4 ,, 'll 

» • * p|^ ooa^fcUp^ ♦ »!_ eliico |t|.p4.4t|J 

-i? r*gC\) ♦ - #)l C2.2®> 

P|_ cofCl-p?Agt^ 

^ ^ C2*2f) 

CO „ , iKp ^ 



Osing th« ecfuatioa® (2.25) to (2.28), 1% Is possifele to ciwipiite 
thm irelues of tls© tow: uateowis,, C^, torn: 

point approacli lias been pseferred oter the step by step appsoroh 
for prediction of ground accelerati^, fhi® is doe to the fact 
tfefit there ie propagation of ©irror in the latter approach as dis- 
ciissed in Appendix I, fhe approach followed here is free of 
snoh error propagations. 

»ith each e<nitpttted tallies of ^i» 

rallies of displaoeiBent response at sebsequent digitised tine are 
compiited and oospared eoncnrrently with the recorded walaes. in 
approxiisate range of a linear sepstirat in the ideelieed ground 
aoceleretiao tine histoi^ is obtained Iqr some tolerance for inch 
ooBpari'Son* 

fhe Identical set of ©quaticaii are msed to predict the 
approximate r»ge of the next linear segaent in the idealised 
ground eeceleration time history, fhe point of intersection of the 
two linear segswsts giwes the Xocaticn of a point on the actual 
ground acceleration time history idiere a sharp ehaage in slope is 
expected to occur, fhe ease process is repeated along the entire 
time history of the Imown displaeeaait response* 

An obsertation of aquations (2*t5) to (2.2S) suggasts that 
the solution icr the untaown parameters requires am ineersiai of 
a 5*5 aatri* [A] , the elameats of which art defined by 

[a] * “ ***2,3 


12 


m 


-pco (t 




cos cof ( 

~ - “»p<^ c% 

siiicof(i«p^)(t^^^«t^) .e 
sin CO 




®13 “ " ;T ^ Vi - ■^14.5^ 

— pCO 2 

Sg^ « -.1 + © X 2 1 eoBcofiU^'^} C^i4.5-V {2,30) 

"“P 00 } n 

®22 “ ® i 

*'23 - - “V C*i+3-^t> 

^ ~p£0 (t, «-tJ 

®31 * -1 ® 

•pCO Cl'.****’'^*) 2 

832 ** ® siiicofd^p-*^) ^V2*^£^ 

*35 " ' Vz - 

la |^©ral, tbe tsIu© of the abow elements will iraiy 
acoordiBg to tli© stop sis© of th© digitisation* and tbus compo^ 
tation of »at3dLx |l^ will b@ m&mm&mes for ©acb stop of digiti* 
sat ion. Howrrar* in cas© of ©qtxally spaoNid digit isod tim© eoor~ 
diaates* tbe ttatris £ji| zmains coastiiat and is 

rsfiiixwd to be oosipmted only onee» 


fbusy we bewe 










xCt) - i(t*) t 0^ I, (P, t, t") + Ig {p,„, t, t’) 

(2.57) 

*(t) » ♦ -4 J ] (^^*5 




t f(M^) 

* CO Cp^COf t, 

^ -* i- Ig ip.c, t, tj) 


(2*38) 


wliezw 


# 

^■|Cpt^ §1*1 **'^ ®0R '^’^1— pSCt-^l**) 


^2^^* '^1^) “ ^ ["“P ® 


»pco 


.• (2,39) 


♦ fC^-P^) (I-® 


|cc.(t*t|) ^ 


©08 ‘^fi l-p^) (t-t j[)jj 

*.* (2,40) 


Hao of oquatioits ( 2 * 3 )» 80 ® ( 2 , 3 ?) to ( 2 * 40 ) fit*® 

* -r*<*i+i) ♦• *p“»{»i4.i) ♦ *(*i*i)] <*•♦<) 


a*cmr«it* us* of tquattoo® (2*41) •PLoagwitfe oqmstloo® 

(2«37) to (2.40) fit*® ife* iosixod iafomstlon nibotxt; th® tlia* • 
iistoxf of fxowi aoeoXtvstimi, £a osi*» to Sziitist* tM* alforitta^ 
til* ioitisl oo®4itioii8 of tl^ stsuotisa^i 1,«» x(0) am® x(0) mm 
■pmwm&i. to 1»* loiom, 

ixouad displooi^iit esEi® tslooitf# if xtfuiiodt o®® It® eon- 
put#® fvw tbe tin® teirsii® fsoieai aoo«l«ntion pXet ueief tie 
iX.ioxitisi f it«» ^ B®xg SB® Hbuaeex^ ii®tioli £« fit®* In fpp^naiix f£ 
in tlii® xepoxt,. ^ ^ 
















Iia.PSfEMJ'XVi SimBiMB 


Tlse algorittos, disoi 2 &e@d in chapter 2, heire been applied 
to Qua m& two fiegree**of-.fr©®tora fi^Bteae. Eeenlt® obtained 

good agr«®aeat between the acteal end c<»iputed groimd acce- 
leration irereuB time plote. Both the Blow gronnd »otion and 
strong ground motion exoitation® hate been predicted Buccees fully* 
Xhe distinction between the ©low gromd motion and the strong 
ground motJUm ie a tualitatiw® one* It depends upon the mber 
of aero crofiBing® in the time history* the larger the nmber 
of aero eroseinge the stronger is the motion* 

In crier to oheoh the algoritlus discussedf displacement 
response of the selected one and two degree-of-freedcmi structures 
auhiected to loiown ground acceleration time history are obtainedit 
appendix III* these digitised dlspletce»ncit aresponse mlciig with 
physical oharacteristica of structure^, in turn* were fed as the 
input for the slgorltlmi discussed* flwf output coneeponda to 
the desired ground excitation* the exes^les chosen are single 
and double storied planar shear building struetui^s* 

lor all the examples presented herein* (i) IM 7044 digital 
oooiputer was used during coaputations and (11) following asstnp- 

tions were ante* 

(a) total mass of the structure is lumped at the lewel of 
floors and roof* 



zoats'l €?x®s mm negligilile, 

(®) fbe eyate® atarts fipo® reat. 



ConaMer the imdntped alBgla dagirea^of^fraado® struetura 
ataowa iM fig* 5* Slapiaee®eat mepmm of tlio eirmtum at 

the levti of t!i® liratped naas m has beaa to b« too®®! 

and l^iMfA algorithm has haon maad to prodiot th® gmmA aooala- 
ratio®* A® abaolat® toXaraaoe of 0*001 ora is taken to pxeiiot 
the appzozimatt range of a linear segment in the Idealiaei time 
history of growd aeoeleration* 

In this exaraplet the physioel charaoteriatioa arei 

iatnral frettienoy « raiiaas per eeoond* 

Damping ae a fTaetion 
of ©ritical draping » 0*0 

The digitised 'Values of the dispXaoema&t reepons^ obtained 
me punohed output naing method deaeribeS in appendix XII« ehoen 
in fig* 4 mere -fed as input for tbe DE4IA 'aliorithm. fhe points 
obtained on the predicted plot of groimd a®eeler»tl« terene 
tine are shoen in fig* fhe problem ass renmt this time with 




aiflered hut thie tioe rtspoftse perciaeter, wnder cob sM® rut ion, 
th« ®cc®l®r©tion, x(t), of tfee aass, », reletlf® to grotaid, 
fig* 6. fhe AE-Gi algorltlm was used to predict the ground 
acceleration tiae hlstorj?* Actual plot end the computed plot 
of the ground accelerations are shown la fig, 7, th®®® show 

esccellent results. 


ixanole, 3t 

fhi® ezeaple once again consider® the physical system, 
^ig* 3, as discussed in the previous exmples hut the eecelem** 
tion response plot, a® shown in fig, 8, is the response of the 
structure suh^eoted to a somewhat arhltrarf strong motion ground 
acceleration, which is periodic in nature, fig. 9, The ground 

N 

accelerations hove been computed using the Ai-GA oXgoritltB, The 
points on the ground acceleration versus time plot, as omaputed 
hy this algorithm, and the actual plot are almost coincident, 
shown in fig. 3* 






as caaeidsrad cos^xaspoad to '1691 oomponeat of tb® grotzod acce— 
lerstioa xaeorted at faft, California on July 21, 1952* fbo DK- 

GA algoritiMB is uoad to reproduo® tbl® sbooSc, A relati?# tola- 
ranoe of 10” is set to prediet tb® approxteate range of a linear 
segment in tbe . idealised time history of ground aoeeleration. 

As shorn in lig. 10, the ©asses limitped at the two floors 


l®1. 

1 

j' t ♦ 0 1 


f m i 

1 


1 I 

. %0i 


f-SecV®* 

where I is the unit of foioe, 

fbe stiffness of the two stories are 


(5,1) 


1 r 


i 15.0 

m 

\ ( 



L50,oJ 


(5*2) 


the 1x2 etlflbess matrix and the 2x2 diagonal mass matrix 
turn out to be 

125*0 -.50*01 


*•50*0 

1*0 

0*0 


50*0. 

0.0 ' 
1,0 


f-Secv®»' 


(5*5) 


(5*4) 


the fundamental natural fretuenoj, 6>^« and tbe assooiated 
mode shape, je|j t are gittn by 

co| • 5*0 radians per seoomd 

md 


[• i 5 ■{ 


0.44T213^1 ? 
0.89442t1tj 


(3.5) 


irh®r« the ®ode ©toat)©, [e^ i Is Moxmalisea es 

jeil® [M] (ejj - 1.0 

For tbi© struoture the first ®oial pertielpatiooi factor, 
ffi|. Is the tergeet. 

The irelti© of tb© graifitatlonal con at ©at, g, is tekea to Ts© 

980.0 

Ibroagto a sMpl© Uluatretioa given below it i» abowi that 
the MfJ&k algorithm fares better ccaapered to central finite dif- 
ference method, Iqaal time iaterrele hme been used between 

succeeding digitised time coordinates in order to ooiapare the 
lilcelihood of errors In the ccmputed talues of ground eccelera- 
tioa, f his comparison is made for undmaped system with a natural 
frequeney of f.O ndians per second* 

Oeing the central finite difference approximation for 
derltatires^® 

xCt,. ,) -2x(t,) * xCt. *) 

S(t,) - (3.6) 

Where (3*7) 

therefore, tsm equation (2*3) -we hare . ^ 

. ( J. ^ ( 5.8) 

If C is the magnitude of the maximisi error Incurred In digiti- 
sation of any ralue of m,. which can be either wey, the magnitude 
of the maximuB error, ®[*gCt|^)3f ^ 

* M 


(3*9) 


in table 1, eacpxeesioas for sn4 obtained by 

miMg J3E-6A algorlttei, are given for b * 0.01, 0.02, 0.03, 0.04 
and 0.05 aeooiid. In table 2, tbe magnitude of tfe® m ar imam errors 
lively to oocur in tba reeulting oomputatioa of uelng the 

i)E-GA algoritlaa end finite difference method ere listed to show 
boif' the BEi4yi algorithm fares es oon^ared to well known central 


finite difference method. 



fable 

_! 

h 

<=i 


0.01 

-31.2 xCt^)***7S.4 3E{t^^^) 

25L-32.2 x(tp478.4 


-63.3 x(t^^g)+16.1 xCt|^^) 

-63,3 xCtj^^2)4‘l6.1 

0*02 

- 7.2 xCt|^)'**18*4 

25[- 8.2 x(t|^)-*'18.4 


-15.3 x(t|^^g)4 4 ,t x(tj,^^) 

-#5.3 *Ct|^^g)44.1 

0.03 

- 2.73 x(t^)*7*J2 

25C- 3.73 xCt^)47.32 


- 6.45 xCt^^2)4l.86 

- 6,45 x(t^^2)^1.86 xCt^^j)] 

0. 04 

- 1,18 x(t|^)45,44 

25[. 2.18 


- 3.35 xCt^^2)4l.09 

- 5.35 

0.05 

- 0.46 x(t|^)^1.65 

25t ^*46 xCt3^)4l.65 3c(t^+|) 


- 1.52 x(t^^g)40,75 xCt^^.^) 

- 1.52 x(t^^2)40.73 



Diepleoement reaponee of the etrueture, fig* 10, jrab;|eotad 
to the gro un d motion reeozded at faft, axe ehown in fige, 11 to 13 





gable 2 


h 

Sec* 

Magnitude of error likely in 

computation of by 


fhe deteloped 
alsorltiw OE^OA 

Central finite 
difference method 

0.01 

4750 e 

39975 8 

0*02 

1150 e 

9975 e 

0*03 

484 e 

4419 8 

0*04 

251.5 e 

2475 8 

0*05 

144 e 

1575 8 


fige. 11 and 12 ebow the diaplaeenent reaponaa with aezt> percent 
dMfing In tlie two modee wbereae Fig* 15 abowe tbe dieplaoement 
reeponee of tbe frtmioture with one percent dagaping in the two 
ffiodee* fhe letter plot corresponds to onl^ first six aenonde of 
the record at faft* fhe corresponding gronnd acceleration plots 
ere reBpectireli shown in figs* 14 and 15* fhei' ocnpare well 
with aotuftl grotmd acceleration plots* 

felwiiiiitSwiiS ^ 

fhe itmcture, fig* 10* has been aesneed to hate two and 
a half percent daeping in both the aiodee and the dieplecmMct 
response of the structure at the letela of lueped aeeees were 
c«ipmted* the reeponse plot is shown In fig* ^16* Howeterf durinf 
the prediction of ground acceleration corresponding to this res** 
pones using DE-GA algoritte, the etructur# was assusied to be 



TOdamped in the fimdaffiental stode* fht r«#ultg,, at shonh to 
Fig* 17» point oat that even to th« ahttaco of knowiedg® of tha 
exact tala® of the fraction of orltioel daoptog to the fundeaient®! 
modCi the algorithm ©agf he expected to git® eatiefactory 

reBOlte* _ ■ ' 

fhls illustwittire example is oontidered to study the 
aeusiti'vity of the ■ algorithm when' the dieplacenent reapoute 
of the masses are pertutoed* Shis study is particularly use- 
ful hecause of the "limitations of the displacement meter to 
glTt precise toformations during measurements* the actual md 
perturbed ueluee of displaoimsent r#.®pensw(' for tw© degreet^-of- 
freedom undamped systemi Fig* f0» are shomn to fable 5# 

1 



Coordinates of the actual 

.. .....re.ep.i».se -plot 


Coordinates of the 
...pe.rtuzhed Plot 

t i.ec* x^(t) om 

* XgCt) cm 

% Sac*"' 

|QP||yy||||gg|||||^ 

XgCt) <M 

0*0100 

0, 50864228*10*^ 

0,37939300*10*^ 

0*0100 

0.20*10*^ 

0.30*10*^ 

0*0200 

0* 10678828*10*^ 

0*12465664*10*^ 

0,0240 

0.10*10*® 

0,15*10*® 

0.0^0 

0* 19452205*10*^ 

0,22561298*10"^ 

0.0320 

0,19*10"® 

0.22*10*® 

0.0400 

0* 2575794 

0,29944099*10*^ 

0.0440 

0,25*10*® 

0,29*10*® 

0*0500 

0. 27528822*10*^ 

0.33120033*10*^ 

0*0520 

0,27*10"® 

0.33*10*® 


Other talue® of x^(t) and XgCt) were considered i^to 
four places' of deoimeli only keeping time coordinate as on 
the actual plot* 




lot In tb® local wigion of portoitoation* 
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tmMl&m, CMClitrsiQiS mb lECWifii'jD&flQiS 


4.1 SfflEfflL* ■' ■ ' ■ 

Certain ®^goritb«s hs^e been deifeloped to predict tbe 
tte© hlf5tory of groond excitation of single end aulti degree-of- 
freedoa linear, duaped eyste®® fron the knoen tlae history of 
the displacement or acceleration responses, The ground accele- 
ration has been Idealised as a continuous piecewise linear fhnotion 
ewer the entire time history, fhe inverse enalyals of only the 
predoainsait mode is enough to predict accurately the time history 
of the ground acceleration for multi degree-of-freedms systems* 

Xhe accuracy of basic collocation approach used in the present 
work depends on how close the digitisation of the actual known 
response plots hate been mate* 

4.2 

(1) fhe developed algorithms are numerically stable and sucoesau 
fully predict the time history of ground excitation of both the 
slow motion and stK>ng motion ground shocks* 

(2) iny local perturbatiem in dlsplaoement response records 
gets reflected in computation of ground accelerations, using BB-di 
algorithm, in that local region. It does not bias predictiwa at 

a later stage* 

C5) The BiUlA algorlttoi has been shown to be a«eric»lly better 
than the central finite dlfferimce method through rigorous error 
snalysis* 


(45 PerturbatioHB i» the yalm of fraction of critical &mping in 
tile iundamcntal Bode do not eeeia to affect the prediction of ground 
shock using th© ©Igorithm ua-Si, 

(5) ^1-h® algoritha is senaitiire to the raluee of th® toown 

a0c#lir8ti«m mspmm paraoeter ssni influences the ground ©hock 
from th® instence of pexturhation cnwarde* 

4*3 aeqo»endatiQass - 

In «iQj effort of this kind* with time constreints# it is, 
not poesihl© to bring the work to it® Icgicel end. Hence it is 
recommended that the application of these elgorithns to more com- 
plex structural systems he tried and the results ctwpared* 

She effect of base line shifts remains to he studied* Howeirert 
it is expected that such a shift may materially affect the HMD 
and 4E-64 aigorittes a© cospared to DEJ&i algorithm, this is be- 
cause in the DE.4II) and AB-MA algorithms terms involving double 
integrals are to be oomputed wbioh are likely to be affected con- 
siderablir in the later part of the time history because of greater - 
value of time, t« 

l‘ht preoiseness of the analytical methods developed in the 
present work depend® on the known response records end hence it 
is very important to improve upon the measuring devioes i.e. dis- 
placement meters and aeoelercmeters. furthermore, they should he 
mounted on variotis structures in any susceptible gromd motion 
belt. 
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ksmuMjx X 



to ground is^s t®®ii tried for perfoimlng th® iBver»® 

prooes®, Biaseri©®! experlatutatioiK® iiat® thou® that the aethod 
haa aot he lised to idtiatafe m mf pretloae eriort eoafiitetion.®! 
or iitli®r«l®et ie oarrled through ead it® effeot is i|uite seteie# 
Without any loss of generslity, m error saelysis for a single 
degre®-o£-fr®ed«8fi syste® has heen tone to slow how the aethod 
hecoasB sensitive to «ay mall ebeags« 


fhe time history of dieplaoment of a single degrees.of- 
freedm iinSeii|>eS systm with netmrsl fre^uenoy, eo , sohjecteS to 
the idealized, ground eeeeltretioBp ehowo in fig* 2» is 

m 

giwen by 


iltfe initial oohditims rCtJ) ®nd i(tj)t the dH^leeeMnt res- 
poaee is giten ■ _ 

x(t) • ac(tj) eoi " Ct*t J)'*' eiaa? (t*.t|^) 

_ Hx^ L [i_M. c» o>(t-t2)3 

^ ^ co^ 



gmm& aocel® ration plot gims 






* ^» 




* ' f. ' . « ' " »"" ' [ -’ ♦ »«« 3 C*i- 6 ) 

OJ *1# 

th# ©o«m©i#iat® of SgCtJ) -mi is^eqnatlon 

Cil»5) are reepeetivelir git®® hf 


Sg(t>.| R.-Vc 


eln o; (t!. ,-t!) 


<“(tI-*Li) 


, ., eto «>(»,+, -*!> 


oe« J (* 1 . 7 ) 

'*i*r*i' 


© 1 ® 






fa® of equation (Al-f) for pjeeiietim of tlv® liiatorr of grounS 
aeoelemtioa requiie#® taioeleag® of \ mH I ®t tm otiotSag 
iastaat of tli® mmtA^ fttrtli®r» tbt e^siputea ^elm of 
say Ini in error ®lai®£ly due to two o®aB®ts (i) iig,iti»®cti«i 


Sutostitutto^^ equation (il.3) jjb (ai« 4) yield® 

O 

* r^ttj^) eo« 4. 


C . 4 . 


2 L’ 1 


(AM) 


In oj^«ap that th® filgitiaatiou &rrox to x(t) doe a not 
get BRgnified in ©oiiputation of absolnt® teliaie of S 

should he gjwattr thaa 1| whleh is too harsh to he guaranteed 
to a i^hysical prohlo®* 

&m neeaifioatioii @f ei^rs to the ,oo®puted during 

computation of Xg(tJ^^) requires 

i|i < 1 


where j j denotes magnitude, 


Approxiaatiims for sine and ooatoe ’ terms giiren helow are 
made so as .to eee meslhtog of the ahot© conetratot* 


'Ps # ' P 

.1 t — . * .. S _ — ■■ 


.1 4' COSto(t|— 1|^^) 


2ft* t*\2 

IWWWIBMW^^ 

2 

■...%*• t* ^2 


fhtts, 


(AI-9) 

(AI- 10 ) 

(Atoll) 


#.5 


1 

r 


. 2 /i* 


■*.) 






«CWi> 


For equal step slaei, ** ^i*’^i,*l * ©onatratot 

j^l < 1 requires 


E . h < IH 

— ^ n ^ CO 


# $ 

toe. < fe < 13 


(i^proxlastelf) 


mhe^re 


2 e 

O) 
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mm • Milan jasins* 


So eoBiput® gxouQd Mii^laefaeiit «®d ireloclty ftooo the 
gmm& a©e®l®ratioii 3 »eo*t* 

lotboi i 

Sliis is Mssti <m • olo»®a foas Inttgratioa of "tM® 
id@alia®d ground aocolsmtlon a»oord eonsisting of & mxle® 
of llnaar sspsoats* , for m linear ®s®seiit from tim® te 
th« «xpr»«®ioiis given My B®rg and Houaner^^ aroj 

* I p*g<*i>**g<*t*ia 

Xg(t;*i) - *g(tp ♦ »g(t;)(t;,,-tp 

where the notations art as prtvlouaily definedi, leourwiv® use 
of etuations (AlII- 1 ) laid (AII 2 - 2 ) fives the retiii*®d isfoaiatioii. 
However, this value of end at the start of the 

record which axe usually taken to he aero# 


AFPlfifllX III 


SUBEOUf II4E fO CQffOTE BISPIilCMEIil? HESPOliSE 

idfeatlficatiofi i; ■ 

I)¥AGfS t fortrm It Smbroutln® 
furpogg i 

i>tte to ttie abeenc® of rnmnuxe^ di«pl®e®ffl®»t rosponoe 
plot, this s«h3coptiBe hes b#en used to ©«pmt« the ileplaee- 
aeot jfespoBse of m ph^eicel saltern ©ohgeeted to the kaown 
groaod aoeelemtlon plot, 

lethod i 

fhi® i« based oa th® approximatloB of th® gsomd sece- 
lei^tioa plot m a ieriee of liaear segaients^. 


lixplap.itloa? 

CALI MALTS (BETA,fEBQ,f llIBII,TIlfIi,BISPDi,?lLOa, 
BISPFi .BlCTIi ,S1CTI1) 


wh®t« 

MTA 


wmq 

Tmmi 

fmfjs 

JJISPBt 


» fraction of oritlciil daorping in th® isod® 
iffider coaiideration, ' 

• natural frequency of the reepectlr® node, 
« etartlng tliieof a linear segMct, 

« end time of the SMe linear eepient, 

« talue of the diepla^sent at tiae THjlil, 



M-hom 


BXCfH 

llCtfM 


* Teltt® 0 f tise T?elooity at fElIill, but ©JTter 

going tbiongh tb© txecution stage of tbts 
eubi%>utiii©t will store walue of 

velocity at time fHfB* 

* value of tbe 4isplac®ffient at time 

« value of ground aocelearation at ttoe UlillHI 
« value of ground ©oceleration at tlae fllfli 


Uses 

$bl8 subroutine gives tb® value of displacement and velo. 
city at time TliflS and its execution requires tbs knowledge of 
tbe parsmeters listed above except JDISi'n* 



FTr ^'.V;'GT5 

S IJ b R Li T I f" t !) V ( '. T S ( c 
IT FM;XCTr ■■'1 

bUBROUTlf'E TO 
DELTr' = T! FIM-TI^IXI 


T A , F TFO , T I.f- I MI ,T I '':F I D I Sp I F! , VEi.O I W 
cr i-UTF DISPLACE'IFNT RESPOMSE 


?EO = F''''o*SOPT ( 1 ) 


DI SFFm , EXC 

.v. 


n c- p p p o ~ t j p j / . :if p r:: F Q 

3 1 =■ ( E X CT F f'-E X CT I f- ) / OF L T I 1 
c M SC 1 = ( E E F p E - r.' I s p I Fi + vF 0 1 ' ■■ 
IFT A/F'^i'O ) /FYFPFO 
C o M 5 E = f > f 5 o j „ )f r;; i -'f R F T /■ / ( F ; • 


•Hi (2c^f3FTA*’^2--lo ) / (FREO^^^P ) +FXCT T N* B 
+FxrTiNV ( FPFQ-'5-*2 ) 


F X 1 = F X ( - E F “O' F' L T I ) 

F S P' = S T ' ' ( [I Y F i" 5' C f" L T T : 1 

p 00 S = F 0 S ( D YF ^ F0'«- D L T I ) 

T E M P 5- T = E X 1 !:■ ( C P '' ' S C i !!- F S I H 0 ■' ' 

DlSPF>> = TE-'''^ST-cXCTF!'V ( FT EP-i^- 
V E L n ' = - B F F F :: r • T E - P -S T + D Y F R F. 


SC.BoO'COS) 

-■?)+? 0 > T A -;t 3 1 / ( F R F. 0 * 3 ) 

.-.f-Fv] ( ro!v ccl-;;-F0nS-C0NSC2 «-FSI N > -HI / ( FRf. 


1 Q*^' 2 ) 
PFTUFO* 
FRO 





JKLOW CHAM 


f bit ap§«Bdix giiFts the salioiit of tlio otofio 

to bo tiiEoo ifbllo writisg tbo Goopotor •Qmgmmvt to fioS gmim^ 
aecolorotloo fiw* Oiapioe«noot or' accoloratios roofoiiiNsi joooial. 











Ettad Xndax to Daflnt fypa of 
Easponaa Farwatar 














APPfiHDDE V 


CQnpiifia mtBMMm 


SkiMMki 

fo pzediGt Qmwa.^ kQemlmmttm tsm or 

•eooloratlon riaponot zooor4» 


MASt ,BMA, ABaA,IIGPM,lAfMmiyEmiH ,MAf fBC yGAJOlD 

» lortrKQ If Sob rout inea 
Erplanatloii of fortran forAobloa t 


UMkM ^ mimsL 


ISPUT 


2 

3 


i 


IDOf 

GRAfIC 

lOfSt(I) 

EOISfd) 


iMm 


«tp 




Ruabor of dograoa of froodon of tbo 
iiioaliaod atruotufo* 

Griff itotloQol Conatoiit, 

lose lomiHBA at tbo lovol of X»tli 

ooordinato* 

Stlffboao of tbo oloatio olenoat - 
GOQuoGtiug ffiosaoa Itanfod at CX«*1) tb 
end X-tb lofol* 

In order to use algorltba UMA or 
ABGAy IMIMX Is raspootifoljr aasigned 
1 or 2* 

iuiBbor of digitised ti»e ooordinatea 
in tbe reapisieo : plot* 


II (Contd,) 


mm 7 

(Coxitdi.) 




SKHSOL 


GJSliBXS 


CI£iV£I. 
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Hwlier diita points dtflnsi on 
on« ooapwfeer sard, iSIfPtG » t in 
oasa BOM cards arc used to 
define one data point, 
folerance for the reletiee error 
in reepcmee to find out approxiroate 
range of m linear sepient in the 
excitation plot. It is to he gixen 
in order to uae algorithm. 

Initial talue of lonial Goordlnate 
(issigned sero in case of strue- 
tore starting from reet)* It is %#'■ 
he giten in order to initiate the 
algorithm AE^A. 

Initial talue of time derieatiee 
of normal eoo-rdJaaate 
- aero la oaee of etructure mtarting 
fKaa reet). It ie to he giten in , 
order to initiate the algorithm 
AMA. ’ 

Defines the time coordinates of 
the data points of the xespon^ee 
plot. . 

Defines th9 mw§mm ©©ordinates 
of the data polnte of the respcmae 
: plot. 




for^imii YariaMeg a (Oontd.) 


AS 


fariabl® 

Exolanatioo . 

001‘PUf 

13. 


AssemlsXed mass matrix for tbo 

struotore. 


14 

STim 

AssoBibXod stiffQOSs matrix for 

tbe atraotuxs. 


15 

mfmq 

PaHdamental natural frsQueiioy 

of tha stractmre. 


16 

mmm 

lundamoiitaL mode sbape. 


17 


l^ector of ground aoeel«ra|tioii 

coordinates of tb® desired 

1 ; 

gromid aeeeleration plot. 


18 

TUBt 

(if BIUIEX-I) 

or 

TTUR 

(if Ilii*El«2) 

feotor of time ooordixiates of 

tbe desired ground aeoeleratlcai 

plot. 

IMPUf 

and 

C^TPUI 

19 

lEDAHfi 

fraotion of eritioal damping in 

the considered mode. 





'T'lBFTC vAj.v 

r)T'-:tMSIo> A( 5 ) »'c( 10,3) ,Fjh'MAS ( If' ) 

RF: A|. ■■-OFST ( 10 ) ,KOF.ST ( 10 ) ,!ViASS (.10,10 ) 

C‘0‘'0''0r''/L3LO /FUMOOF ( 1 0 ) 

rn'-'v'nrJ/L.3|,J /(-^r>OA p , p;ipnF,5 

C'0 0 0-/LFL2/0*^Gf'’ '.Sf 1 ,2000) ,TI3E,(2ono) ,FPRTOL,N*TP 
CC ■C1:/LBL3/FXCTN(20''';) vTIMEl (500) ,MCHPTS 
Crv./Q. /L8L4/i-:ASS'.>GTIFF( l-.),i:)) 

CrV'^0'- /LB|,,5/DY:.!'v'iiT( 10,1C ) ,.ODOF 
COM- /Ll^L6/G!'■^‘DI S,wENVFl 
C0''‘ A'^V; ■UL.T/V^rTO■-’ ( 10 ) 

ASSIGM = 1 I'" CASE OF D I 5PL ArFMEN T '^'FSPORSE 

A5.SICV I'v!nFX=:2 CASE OF ACCFLC^AT lOf' RESPONSE . 

l'"-r.5 Fno’,'AT(?T5) 

1020 FoP''AT(2FIf,4) 

1030 F^0MAT{2 (Fl')oA-,?F15-,S) ) 

2RL0 FO'-'-'CAT { X ,13 -> ( :‘— » ) ) 

2 0 20 F 0 0 ' ■ A T { C X , '•) A S S ‘1 A T P I X -;M 
202- FO:-"’AT (6X,*STlFFuESS .'-'AT UX*) 

2 A F O R ' A T ( f . X , «- T A w f, ' > 0 S £ OF F U * ' D A ! F iX T A L : ' O 0 F. S H A P E ) 

FRn’.’'AT ( 6X. ''■ATE5 CF TTI'T VERSUS EXCTTATION PLOT^-) 

3010 fopr«AT (X ,6F2'-'^8 ) 

3C20 F.-^''';AT (6X ,*FU^'^A^'F^^)TAL A \TUOAL FREOUFMCY =i'.,X ,E15.>8 ,.X,*PADIANS 
1 UNIT .sr-coNn-);) 

3030 F0P‘’AT(4(F]^oA,E20<,0) ) 

C FEFOlwr, OF THE SYSTro CHAR ACT Eo I ST I CS 

R'^ AD C^ , I'-IO) NinoF 
RRAn (‘■•,1020) GRAVTC 

R'^AD ( R, 1C2'- ) (A'OFST ( I ) ,K0F.ST( I ) , 1 = 1 ,mDOF ) 

C . IvlASS ' ATRTX 

DC l?lJ J = 1»1'D0F 
DO ll'. J = l,NDOF 
llo MASS( I ,J) ='■■■.. 0 
1 20 V'AS S ( I , I ) =K0F.ST ( J ) 

C STIFR^'>^SS ‘AAT''-IX 

, DO 15 T = 1 sNDOF 
DO 13"' J = 1,I 
130 STIFF( J ,J)='-'c'' 

IFC l e. ""Qal ) GO To 140 

STIFF ( I ,1-1 ) =-l<0FST ( I ) 

14U 5TrFF( I ,I )=KOPST{ T ) 

I F { I . '■-'O eNDOF I GO TO 15 ^' 

STIFF ( I , I ) =STIFF ( I , I )4-kCFST ( T+1 ) 

150 COMTI.OUF 

DO 160 I =1 ,a'D 0F 
on 16C J=T »YDOF: 

160 STIFF{I,J)=STTFF{J,1) 

£ CO''^UTATTOX! OF FUNOAOEMTAI. NATU*''’AL FREOUENCY AND 

c ' ■ mod" o; s 

l: CALL FiGPPMv - '-V 


■Jg ”?(* 


p ,f " p 









c 


170 

IB..' 


190 


191C 

1920 

'195 


2''-0 


MOr > .ALISATinN OF F J -DAMi: MT AL '■■OOE 

SC~^'LAO = '.,''c 0 

DO IvB": I=l»''''DOF 
FU‘-''''-'A.S ( 1 ' = ■ 

FA ]7'' ,j = l»^lDOF „ , T, 

‘tuh-'-'A (I ) =--r!J'''’*A5( T ) +FU;'T.or ( J) J •» . ) 

F C A I . A I- = 5 C A 1. A A + F U 0 F ( U F M M S ( I) 

S r A L A F = S 0 R T ( s C. A L A ! > ' 

r.o 19': T = 1 ,finnF 

FU^''''AS ( I ) =F'JN’‘0'' S ( 1 1 /SC Al. Ai^ 

■ .‘1 ; :.r "' rF^' ‘ T FY ;tfm cr.Ar, ac t lp i at i c.f 
HS- t I ST I ^K-. OF o I j 1 . 

URI TF, ( ^ 2'1'' ^ 

■■'!R 1 TO C 5 5, A'.' 2'’ ' ^.r^r-c \ „ T - T <>''•' OAF ) 

V'RlTF(0,\t ?/ ) ( (FASSd ,J) -J= ) '-.f-) 

l>'OlTF( 6 s 201 A) 

WQIT 0 ( 6 » 2 ; O 'l . ,5 , j = - ,^.^AF) ,i = i,NDOF) 

WP I T F ( F * .L 2 ) ( ( -O I F i ( I ) w 

'•'RITF (6»201 "■’ 

I'PITO ( 6 9 2 . > 

'"pi TE ’.O'i ■ 1 I ‘^U'.ODF 111.1=1. Nl'O" 1 

«■. AllCAUPt.FY TI.: F-AUATIC-US 

read ( b 9 101 : > I 9 VTP 9 .'i'-'T 1 - 
nPAD ( 591020 ) prDAMO 

V.'DI TF (ftflOlO' ) 0Rn''':',A^ ^ 

(30 TO ( 19 1') 9 1 01 'd 9 1 f-'O' ■ > 
or AD( 5 , 3 '' !'•} OP^TOI. 
r n TO ]S ') 3 . ~ 

poAD( 9 9 '^' 1 "■ ) GFO'DI 5 9G''''''’v'cL 

CamTIN'UF: 

JC vp^MHiP 1C 

^ zz ' 

I=N.nTPlCAlK-l) , , .P = MTn_, 

jFin+YDTFlC T. . 

RFAD ( 5 9 1 -'3'.y) ' A ^ ) 

DO 21'' J = 5 jNT'-DP 
I I = I+J 

Jl'fFA IT)=A( J) 
pFSONFd 9 T I )=0o'- 

TO ,1 ZP'i ' '9 

call leg.a 

CO TO 230 

CALL ARGA 




"'s* 


21'.^ 


2 210 
2220 


“5^* "X' ■ 



A { Z , 3 ) =T ( '■ +3 ) -T TMfr ( T ) ' 

A. ( 2 a A ) = D I S P ( I ^ O N ! 9 I + 3 ) — n j c p ( j p Q M ^ j j 

A ( 3 9 1 ^ 0 + ‘^'X2COS 

( 3^2 )=FX2SIN 

A ( 3 9 3 ) =T I Mr ( I +2 ) -T I MF ( T ) 

A { 3 9 A ) = 0 I S P ( I F A M 9 j + 2 ) *-* r J F P ( I F Q j T ) 

CALI, F " ( a ^ 3 ) 

C4 I = p I .pF ( I FQ'"'! 9 T ) - ■' ( 1 5 1 ) + 2 c n-"-A ( 3 » 1 ) A/FRFO 
1C J=J+1 

I F { J , GT ;■ ( ^iTp-^ > MF'>!0=: 1 

I F ( ..I.M'T. ■‘•'TP 1 ''-n in 15 • 

DIG = '.XP (-BFFPE { T IMF ( J )^t IMF ( T ) ) ) f- ( A { 1 , 1. ) *COS (DYFRE0*(TIME(J)-TT 
IMF { n ) ) + A ( 2 , 1 ) Cl fv ( CYFREO-x- ( T TMF: ( i ) -T IMF ( I ) ) ) ) +A { 3 , 1 ) ( T T ME { J )-T IMF 

2( n*-2.'';-BETA,/FpE.P)+CAI 
ERr’ALL = ERQTCL^-'ABS(Dl,SP( TEON,,J) ) 

I F ( EPRAL, L EOu ruO ) FPPALL = F^RTMU. 

IF( ABS(DTS-DISP( IPQN,jr) J.E-FRRAI.l) GO TO 10 
IF {^'5TA^'T,,FOc.l) GO JP 45 
IF?!-. "QoD GO TO 2 5 

IF T I MFl ( M) = ( A ( 3 9 1 ) *T IMF ( I ) -TF'''!p'^*'T I M - ( j ) + TEMP 1-C4 I ) / ( A ( 3 s 1 ) -TP''''’P ) 

I F { TI MEl ( M ) . L F 0 TT f-AZ ( I-] ) „OP . T I MFi ( M ) ._, GF T I ME { I } ) GO TO '^O 
FXCTM(M)=-50MFr-:.s-(C4H-A(’F.1 )-Xr(Tl vlFT {M)-Ttmf( I ) ) ) 

45 M5TA'^T=2 

T F { MF.'’'0., '^0-. 1 ) GO TO 35 
TFMP=A(3,M 
TEMPI =C4T 
101 . 0=1 
T=J 

GO TO ,?n 

25 TFMP=A (3 , 1 ) , 

TFfipi=C4T 
TIMFl (M) =TIWF( T ) 

FXCTN (f'*) =-‘S0MFG2'iM C4I+TF'''P* ( T I f-'FT IM) -TIME { I ) ) ) 

TOLD=I 

I=J 

GO TO 20 

30 TTMFl (M) =TIMO( I-l ) 

rXCTN IM) =-50MFG2-» ( TFMPI+tcovp^'OTIMFi (M1_timF ( lOLD) ) ) 

N'START^I ■ 

T = I-I 
GO TO 21 
35 M=M+1 

timFI (M) =timF( J-1 ) 

£XCTM(M)=“SOMFG25S-{C4I+A(3,1)-x-(TTMF1(M)~TIMF (I ) ) ) 

RETURN 
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vraFTC A'^GA 

SUap.OUTI NIC A~GA 

;i :: •.; ^ -k j;- if ■;.■ 




■ “)c -iv K- 1C •'X' 'A’ -X ■>■(* -Jc ¥c ")c -X* “X- -Jf -X- ic X“ •X' *' •?(- "X" ‘X- *X' -)c 


ACCELEa.-’T lO'',' IS fHC Kf'.'OV'N RESPONSE PARAMETER 


■!; ” •;;■• -X: -i: i' x r, -x -x- ■■;■ * * is- x x x x- x 

C n • • o r.i / L R L 1 / B r T A 5 F R E 0 
COM'T:7LnL2/ACCt.( 1,2000) 


-X >- * x x -X x- x -x » x x x- x x x -x -x x x x -x x- x x x x x- «• x x x x x x x x -x- x x 


TI; 


( 2'' 0r ) ,EPRTOL, 


S>TP 


Cn^.t^*o^■/l.BL?/EyCT■■' (Zer o ) ,TIi')El (500) ,M 

FM A/Of^!0)! SsC.EmVEl ' ■ 

V^■TC77f■pt,R,e^l7A»S^7!iET,c'Xl ,FCOS ,F S ! .V ) = ( SETAx ( i „ 0-EXl *FCOS ) 4 SORBET 
14FXTx-FSIN)/F'~i''r' 

V INTO? { FRLn,Ci:,TA,3.’'^bETs,ZXl yFCOS,FSIM ) = ( -BETAxEX l^FS I w+SOPBETx ( loO 

l-rxi-x proS) I/F’-.'FO 


= i‘.) T p 

IF 0'‘’=1 

BEFPF.1 = ‘3ETAXF "’R'l 

S'"'''FG2 =FPFr'x-;'- A 

SRpRFT=SQi' T { 1 5 

n y F r j fT F> = p p o _c, , - , p p c y 

EXCTF'( 1, )=-(ACCL( IF0^>1 )+.l«xBFF:'EQxr:;EMVEL4S0'‘'EG2xGENniS) 

no 1 1 = 2 ,!•' 

DFl.TI'. = TIf’:F( T )E.Tnir ( i_i) 

f"Xl = CXP (-f.FF'^'FOxD-LTTM) 

'^COS = COS (nvFpFnxDi-'LTiM) 

F S ! !'' = S. I N { OYF P f" O"- D r; L T I :" ) 

C''''''SC = ACCl,( jrr'N, I-l ) 

Cr*'Mf)D = ( ACCl ( I ) /EXl- \CCL( r' 0 "SI-.; )xFC05)/FSIN 

C '' N 5 T 1 = ( C SC 4 b F r A 4 C f ' S C f S C P, E T ) / r R E r, 

C0*'ST2=( COwSCxS^'PBPi -C orsdxL'FT A ) /Fr’FO 
TE '’1=VI NTOl (FPI;R,BET.-'.,S.)R5ET,RX1 nFCOS^FSIN ) 

TE' ’02 =VI KTG2 ( FRuO, SETA ,S.:)F''’BET ,EKI ,FCoSsFSIM ) 

C'E MOI S = Gf7'0 1 S+DEL T If 'x ( GE ■!VEL4C0'4ST1 ) -C0RST1-5>TEM'’1 + C0NST2*TEMP2 
'PENVEL=GFf'V'rL4C<''MSCxTE'''P 14C0 MSD-xTF''1P2 

r XCTM ( I ) =- { ACCl ( I E0^’ ■* I ) +2 oXiJEF'^h^vxGF''’VFL4SO‘'EG2^-GFN0 IS) 

100 G.-NTINUE 
nrTlJPN 

STOFTC FIGPRO 

SUBPOliTIME riGppi.: 
real '''ASS! 10,10) 

CG’'‘’'CF7LBL4/‘’A5S,STIFF ( ] )» 10) 
rn.': <:G^7L 8L.5/0Y'''MAT ( 10 »1C ) ,NDOF 
DIMi'NSTON A{ ) 

DO 110 I=l7''noF 
DO I'lC J = l,YGOF 
1 l7 A(I*J)=STIFF(T5J) 

110 A( r ,MnOF 4 l ) =lo 0 
N=NDOF 

CALL GAJORPC A,H) 

DO 12C I = l,f>DoF 



DO 120 J=l,MnoF 
120 A( I ,J)=A( I,J + 1) 

CALt. MATf'UL{ A) 

PF TU'5''3 
■ FNiO 

■''IGFTc ■•’AT'-'IJL 

SUbnoiJTiNji: ■’AT*'UL(A) 

“ASS ( 10,10) 

COM 'Cf'/l.Bl.4/’’ASS»STIFF(l 
CO’-'-T 'VI.. ['L5/nYN'''-AT( 10«1C ) ,N00F 
n A( 1 ” , 11 ) 

no 1 Ir],MnoF 
DO 1 J=1,MD0F 
DyMmak I ,J)=0ori 

DO 1 K = !,flD0F 

1 DYMmaT ( I ,J ) =DYf:MAT ( I , J ) 4,A ( I , K ) -^^MASS ( '< J ) 
OF TUP 0 

FWD 

SlHFTC EIGEN 

SUBROUT INF -^IGEN 
CnO‘'ON/LPLO/X( l:-') 
COMvn,M/L8Ll/B'~TA,FREOL.''! 
C'"i."nM/!.BL”/C(10,10),VDCF 
CO ‘•■o/ /^1ULT/Y( 10) 

LOGTCAf '*■ 

^M = ^lDOF-l 
T'''LRC:>0,ir-D5 
DO I'^D I = UNDOF 
H U X{ I ) = U^ 

Iv CALL UATVFC 
0=..FALSEo 

IFIYir'DOF) ®FOv'g0) SO TC 0 
DO 1 1=1, FAi 
Yd )=Y( I)/YCA'D0F) 

1 COUTIMUF 
Y(MnOF)=lo0 

5 DO ? t=l,MDOF 

IF( ABS( YC I )-X ( I ) ) pGTdOl dE) 0=nTOUE« 
JF(0) GO TO 30 

2 CONTINUE 

30 DO 4 I=l,NDOF 
X{ l)=Y{ I ) 

4 CONTINU'* 

IF (0) GO TO 1"’ 

CALL. YATVFC 
SU'’. = 0 d' 

SU''''l = 0o0 
GO 5 1=] sNDOF 

SUN = SU^*4-X { I ) 2 

SUM1 = SU:'1+K{ I )*Y( I ) 



^ T ( SUiV /SUM I ) 

SiBFTC MATVrC 

5URn0UTIf''F MATVPC 
C'^''’'' 0 '''/LRLr/X(l" ) 

C n VON' / 1. B L 3 / C ( 1 P 9 1 0 ) , i'’ DO r 
C''''*''OnVmUlT/Y ( ir- ) 
no ? I= 3 »!\'DGf^ 

Y( I )=''o0 

DO 1 J=1,YD0F 

Y(I )=Y(I)+C( l9J) !:-X( J) 

1 COF'TINUE 

2 C^NTI''>UD 
RFTUR^■ 

PO'D 

$I;BFTr vOAjORD 

s u B p c u T I f'l ^ r A j "> n r.’! ( / , m ) 

D IM FA'S I ON A ( 1 0 9 1 1 ) 9 •■o 1 1 ) 

M=N + 1 

50 Dr lOD '< = 19^! 

DO 6’ T=29M 

60 9lWA( Ul) 

D{M)=lo VA(I,] ) 

L--N-1 
L'S = M-1 
DO «/' I = ]9L 
DO 7V J=l9ir> 

7 0 A { I 9 J ) = A ( T + 1 9 J + 1 ) -! : ( ,J ) 5;- A ( T + 1 ■, 1 ) 
A { I )=-B( 1 ) (1 + 1,1) 

P,0 

DO DP 1 = 1 
Sv; A ( M 9 1 )=R ( I ) 

100 CONTINUE 
RETUPN 
END 


oAMPLN fwpUT 


2 


980.-'^ 

1.': 

75 o ) 

loO 

50.0 

i 190.1 

: ; 2 

© ’.D . 

. 1 

E-os: 

0 ftC>000 

0. 

0oC200 

('.10678B23F 

Oo04n'0 

0o25757941E 

0^0600 

C.20420B76E 


Oa 

12 :0»12465664E“C2 
12 Oa 259 AAOPOE-r '2 
'2 n„ 3536703 ie -02 


C o r 10 0 0.308 642 2 0 F-O 3 0 . 3 7 9 3 9 3 n r,e-( 
n o 0 3 0 0 0 . 1 9 4 3 2 2 0 5 E - 0 2 'i . 2 2 3 6 1 2 9 8£-( 
OoOSOr 0.27528822F-02 ^ „ 33 120r>33e-( 
000700 no3356n073F-02 0<.424n5418£-' 



